Abstract: The volatile oils from red and black rice bran were obtained by hydrodistillation using diethyl ester and the components of that oil were analyzed by capillary GC-MS. The volatile components of essential oil from red and black rice bran were analyzed by GC and GC-MS. One hundred twenty-nine (129) of volatile compounds were identified in red and black rice bran. Myristic acid, nonanal, (E)-bocimene and 6, 10, 14-trimethyl-2-pentadecanone were main compounds in red rice bran, whereas myristic acid, nonanal, caproic acid, pentadecanal and pelargonic acid were main compounds in black rice bran. Guaiacol, presented at 0.81 mg/100 g in black rice bran, is responsible for the characteristic component in black rice.
INTRODUCTION
Red and Black rice, both found in Japan, are classified as Oryza sativa L. The colored grains are cause by antocyanins pigment giving the hulled rice a red and brownish red appearance in red rice and dark purple color in black rice. Nowadays those two types of rice were gaining popularity in Japan as functional food and often mixed with rice to enhance the flavor, color, and nutritional value 1) . Flavor in rice is considered of primary importance affecting consumer preference. Several reports on the volatile compounds of rice have been studied due to their typical flavor and odor. Rice bran, the outer brown layer that removed during the milling of brown rice, has been extensively studied, of which 4-vinylphenol was the main component having a characteristic unpleasant odor [2] [3] [4] . Many researchers have studied volatile compound in raw and cooked rice, 2-acetyl-1-pyrroline (2-AP; popcorn aroma) was reported as an important contributor to be the aroma characteristic of rice [5] [6] [7] [8] [9] . Straw of rice also reported on volatile components, palmitic acid was the most abundant component, followed by hexahydrofarnesyl acetone and phytol 10) . Reports on red and black rice are very few, studies only the suppressive effect of the SOS-inducing activity 11) , tyrosinase inhibitor of black rice bran 12) in our previous papers, and antioxidant activity of purple black rice 13) . Recently, the volatile aroma compounds of black rice have been studied. Yang et al. studied volatile aroma compounds in raw and cooked black rice found that 2-AP and guaiacol were major contributors to the unique character of black rice 14, 15) . However, the volatile components of red and black rice bran have not been reported. Therefore, the main objective of this research was to identify and compare the volatile components of red and black rice bran using gas chromatography-mass spectrometry (GC-MS).
METERIALS AND METHODS

1
Red and black rice bran were cultivated in Shizuoka and Toyama prefecture of Japan, respectively. Both of them were packed in polyethylene bags and stored at 5 until used.
2
Fifty grams of rice bran were hydrodistilled with a Likens-Nickerson-type apparatus using diethyl ether to obtain 17 mg (red rice bran) and 24 mg (black rice bran) of yellowish green oil, which was dried over anhydrous sodi-S. Sukhonthara, C. Theerakulkait and M. Miyazawa um sulphate.
3
GC was carried out using a Hewlett Packard 5890 equipped with a flame ionization detector (FID) on two capillary columns, a J&W Scientific DB-5 (30 m 0.25 mm i.d., film thickness 0.25 mm) and a GL Sciences TC-WAX (60 m 0.25 mm i.d., film thickness 0.25 mm). The column temperature was programmed from 80 to 250 at a rate of 4 min -1 for 47 min. The injector and detector temperature were 250 and 280 , respectively. The flow rates of the carrier gas (He) were 1.00 mL min -1 . Peak areas were quantities with HP 3396B integrator on DB-5.
4
The GC-MS analysis was carried out with a Hewlett Packard 5972A. GC conditions were the same as previously described. The flow rates of the carrier gas (He) were also the same. The detector interface temperature was set at 280 , with the actual temperature in the MS source reaching approximately 230 and the ionization voltage 70 eV.
5
The components of the volatile oils were identified by direct comparison of their mass spectral pattern and retention index (RI) with those published in the literature 16) and by our previous work [17] [18] [19] [20] . The quantitative composition of oils was determined by GC (FID), by assuming the total of all the particular oil to be 100%. The quantitative analysis was performed on the basis calibration curves for caproic acid 25) , (E)-b-ocimene 39) , guaiacol 48) , nonanal 54) , pelargonic acid 75) , pentadecanal 111) , myristic acid 113) , and 6,10,14-trimethyl-2-pentadecanone 117) . These authentic samples were used from our previous papers [21] [22] [23] [24] [25] [26] .
RESULTS AND DISCUSSION
The volatile oils collected by steam distillation from red and black rice bran were obtained in yields of 0.034% and 0.048%, respectively. One hundred twenty-nine components were determined by GC and GC-MS analysis ( ), representing 95.01% (red rice bran) and 94.79% (black rice bran) of total oil. The classification of rice bran sample on the basis on the structure type is summarized in . Acid compounds were the most abundant components of volatile oil in red and black rice bran, following by aldehyde compounds. Marravel et al. 9) reported that higher level of aliphatic aldehydes and acids in Thai (Asian scented sample), attributed to lipid oxidation, and may be linked to longer storage duration for market sample from Asia. The level of hexanal in red rice bran was higher than black rice bran, whereas linoleic acid hardly found in both of rice bran. Hexanal has been reported as a volatile component of rice bran and probably cause an undesirable odor in enzymatic hydrolyzed vegetable protein 27, 28) . The absolute amounts of nonanal, octanal, 2-methylnaphtalene, (2E)-decenal, benzaldehyde, 2-heptanone, 1-octen-3-ol, (2E)-octenal, naphthalene, (2E)-nonenal, and (2E, 4Z)-decadienal of red rice bran was higher than black rice bran, whereas the absolute amounts of n-pentanol of black rice bran was higher than red rice bran. Those compounds were considered the green and sweet odor-active compounds in white and black rice 14) and cooked black rice 15) . Therefore, the green and sweet odor of red rice bran was stronger than one of black rice bran. Isovaleric acid, valeric acid, enantic acid and guaiacol were presented in black rice bran. Those compound have been reported as odor threshold in water (OAVs) in the four cook rice cultivars; Aychade, Fidji, Ruille, and Thai 9) . Guaiacol has been reported as the key odorant in black rice; it also responsible for smoky or black rice-like aroma in cooked black rice and black rice 14, 15) . Therefore, the smoky odor of black rice bran was stronger than one of red rice bran. The relative proportion of aromatic hydrocarbon and heterocycle compounds of red rice bran was higher than black rice bran, whereas phenol compounds of black rice bran was higher than red rice bran. In aromatic rice, 2-acetyl-1-pyrroline (2-AP), a key aromatic rice and cooked rice 6, 29) , is the only volatile compound in which the relationship between its concentration in rice and sensory intensity has been established 5) . However, both red and black rice bran were hardly found 2-AP. Yang et al. 30) reported that removal of the bran, partial endosperm, and pigment quantitatively affected the volatile compounds formed in Ilpumbyeo (traditional white rice), Heugjinjubyeo (black pigment), and Jeogjinjubyeo (red pigment) cooked rice, with certain volatiles higher in unmilled rice. The present of guaiacol, isovaleric acid, valeric acid, enantic acid, 2-nonenal, octanal, 2-methylnaphtalene, (2E)-decenal, benzaldehyde, 2-heptanone, 1-octen-3-ol, (2E)-octenal, naphthalene, (2E)-nonenal, (2E, 4Z)-decadienal, and npetanol may have been considered the odor-active compound in red and black rice bran.
The quantification of the main compounds and characteristic components from red and black rice bran was shown in T . The main compounds of red rice bran were myristic acid, nonanal, (E)-b-ocimene, and 6,10,14-trimethyl-2-pentadecanone, respectively, whereas black rice bran were myristic acid, nonanal, caproic acid, pentadecanal, and pelargonic acid, respectively. The absolute amounts of myristic acid and nonanal in black rice bran were higher than red rice bran. Nonanal was described as citrus and fatty odor in black rice 14) . Pentadecanal, slicky odor of waxy and floral 31) , was found in black rice bran while 6, 10, 14-trimethyl-2-pentadecanone was found in red rice bran. (E)-b-ocimene, presenting in red rice bran, was responsible for wet, cloth and fruity odor 32) . Caproic 68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100   1097  1100  1101  1101  1114  1132  1145  1152  1161  1162  1169  1172  1175  1180  1181  1189  1192  1199  1200  1202  1212  1213  1225  1264  1271  1291  1293  1300  1307  1307  1315  1317  1318  1341  1360  1361  1370  1377  1400  1400  1402  1408  1409  1455  1489  1496  1500  1500  1510  1523   1552  1100  1345  1410  1867   1250   2471  1537  1659  2060  1572  2417  1757  1704  1609   1200  1511  1719  1944  1590  1656  2164  1859  1780  1300  1613  1893  2198  1827  1692  1737  1752  2046  2288  1966  1400  2045  1661  1577  1716  1868  1953  1769  1500  1705  1824  1747 linalool n-undecane 6-methyl-3,5-heptadien-2-one nonanal phenethyl alcohol acid and pelargonic acid, presenting in black rice bran, were responsible for sweaty, animal and cheese odor 4, 9) . Gaiacol, presented at 0.81 mg/100 g in black rice bran, was contributed a characteristic component due to a unique odor in black rice bran since it associated a smoky odor.
CONCLUSION
Many volatile oils were identified from red and black rice bran and the results indicated that acids were the most abundant components in red and black rice bran, following by aldehydes compounds. Those compounds contributed to unpleasant odor. The difference between red and black rice bran was due to the difference of the content of guaiacol, reported as the key odorant in black rice and responsible for smoky or black rice-aroma. The main compounds in red rice bran were myristic acid, nonanal, (E)-b-ocimene and 6, 10, 14-trimethyl-2-pentadecanone, whereas the main compounds in black rice bran were myristic acid, nonanal, caproic acid, pentadecanal and pelargonic acid. 
